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[57] ABSTRACT 
A method for feeding material sheet to a press com 
prises steps of transferring a material sheet on which 
print parts and the corresponding positioning marks are 
printed for a preset distance at least until the positioning 
mark comes into the ?eld of view of a viewing device 
provided in a position related to the working position of 
the press, detecting misalignment between the centers 
of the positioning mark and a reference mark of the ?eld 
of view in the X and Y axis directions by the viewing 
device, and positioning the print part at the press work 
ing position automatically and precisely by using the 
detected amount of the misalignment as a correction 
value for positioning. 

25 Claims, 20 Drawing Figures 
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METHOD FOR FEEDING MATERIAL SHEET TO 
A PRESS 

This application is a continuation of application Ser. 
No. 535,677 filed Sept. 26, 1983, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for feeding 

material sheets to be punched to a press. 
2. Description of the Prior Art 
In prior art, when print parts are punched out from 

the material sheet 1 by a press, as shown in FIG. 1, the 
sheet 1 is cut off to several pieces by shears (process I), 
a guide hole M’ is made by a table drill at the point of a 
mark M on the piece for positioning (process II), a print 
10 is positioned by slipping the guide hole M’ onto a 
guide pin 20 of a die 2 of the press (process III), and the 
print part 10 is punched. 
However, such prior art method involves disadvan 

tages such as dif?culty to feed the material sheet 1 to the 
press continuously, and lowering of work ef?ciency 
since forming the guide holes requires time and labor. 

SUMMARY OF THE INVENTION 

The present invention is directed to provide a mate 
rial sheet feeding method for automatic and precise 
positioning of each print part of the material sheet to the 
working position of the press. 
According to the present invention, to achieve the 

above-mentioned object, there are provided the steps of 
transferring a material sheet on which print parts and 
the corresponding‘positioning marks are printed for a 
preset distance at least until the positioning mark comes 
into the ?eld of view of a view means provided in a 
position related to the working position of the press, 
detecting misalignment between the centers of the posi 
tioning mark and a reference mark of the ?eld of view 
in the X and Y axis directions by the view means, and 
positioning the print part at the press working position 
automatically and precisely by using the detected 
amount of the misalignment as a correction value for 
positioning. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a flow diagram showing punching process 

in a prior art method; 
FIG. 2 is a perspective view schematically showing 

the material sheet feeding device according to the pres 
ent invention together with a press; 
FIG. 3 is a block diagram of an embodiment of a 

control device for realizing the material sheet feeding 
method of the present invention; 
FIG. 4 is a partial plan view of the positioning mark 

and the surrounding area used for the explanation of the 
operation of the view means according to the present 
invention; 

FIG. 5 is a block diagram detailing the main parts of 
the device shown in FIG. 3; 
FIG. 6 is a time chart showing the operation of each 

part given in FIG. 5; 
FIGS. 7 and 8 are flowcharts used for the explanation 

of operation of the CPU of the control device in FIG. 3; 
FIGS. 9 and 10 areplan views of a part of the mate 

rial sheet used for the explanation of punching error due 
to print error in the material sheet; 
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2 
FIGS. 11 through 14 are flowcharts used for the 

explanation of the operation of the CPU; 
FIGS. 15(0) through 15(d) are‘drawings showing a 

typical feed sequence of the material sheet; 
FIG. 16 is a diagram used for the explanation of the 

method for detecting the inclination of printing with 
respect to the press; and 
FIG. 17 is a front view or the CRT display displaying 

defective parts. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will now be described in detail 
with reference to the accompanying drawings. 
FIG. 2 schematically shows a press 10 and a material 

sheet feeding device 20 employing the method of the 
present invention in which a camera 12 is mounted via 
a seat 11 at a proper place of the frame of the press 10. 
The camera 12 includes a line image sensor (not shown) 
disposed along the Y axis direction (arrow Y). 
The material sheet feeding device 20 comprises a 

clamper 23 for holding a material sheet 1, a clamper 
carrier 25 for moving the clamper 23 over a beam 24 
provided in the X axis direction (arrow X), tables 26 and 
27 attached to the beam 24 for supporting the material 
sheet 1, wall members 28 and 29 having rails for guiding 
the tables.26 and 27 in the Y axis direction and support 
ing those tables 26 and 27, a wall member 30 for joining 
the wall members 28 and 29, a transfer shaft 31 screwed 
to a female screw part 24a attached to the beam 24 for 
moving the beam 24 and the tables 26 and 27 in the Y 
axis direction, a bridge member 32 for joining the wall 
members 28 and 29, a bearing for a drive shaft 31 at 
tached to the bridge member 32, a drive pulley 36 for 
driving a pulley 34 attached to the drive shaft 31 via a 
belt 35, and a control unit 37 for performing positioning 
control. The clamper carrier 25 and the drive pulley 36 
are independently driven by separate motors (not 
shown). As a result, the material sheet 1 can be moved 
in the X and Y axis directions together with the clamper 
carrier 25. 
FIG. 3 shows an embodiment of a control device 

used for the material sheet feeding system of the present 
invention, in which a sensor control unit 40 is for out 
putting a scan command signal S1 to the camera 12 and 
also for processing an image pick-up signal S2 to be 
outputted from the camera 12. The output of the sensor 
control unit 40 is fed to the CPU through a sensor inter 
face 41 and a bus line 42. 
An X axis drive unit 44 is for driving the clamper 

carrier 25, and is comprised of a drive shaft 440 for 
moving the clamper carrier 25 being screwed to a screw 
part 250, a motor 44b for rotating the drive shaft 440, a 
pulse encoder 44c for generating two pulse signals P1 
and P2 of the same waveforms and different phases by 
the interlocking action of the drive shaft 44a with the 
shaft of the pulse encoder 440, a speed detector 44d 
attached to the motor 44b for generating a signal pro 
portional to the velocity of rotation of the motor 44b, 
and servo ampli?er 44e for supplying a drive signal to 
the motor 44b. 
A Y shaft drive unit 45 is for driving the beam 24 and 

tables 26 and 27, and is comprised of a motor 45a for 
driving drive pulley 36, a pulse encoder 45b for generat 
ing two pulse signals P3 and P4 of the same waveforms 
and different phases the pulse encoder shaft being inter 
locked with the shaft of the motor 45a, a speed detector 
45c for detecting the speed of rotation of the motor 450, 
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and a servo ampli?er 45d for supplying a drive signal to 
the motor 45. 
The speed detector 44d and the servo ampli?er 44e 

form a speed feedback loop, and so do the speed detec 
tor 45c and the servo ampli?er 45d. 
The output pulses of the pulse encoders 44c and 45b 

are fed to normal/reverse rotation discrimination cir 
cuits 46 and 47 respectively. The normal/reverse rota 
tion discrimination circuits 46 and 47 discriminate 
whether the motors 44 and 45 are running in the normal 
direction or in the reverse direction based on the phase 
relationship between the pulse signals P1 and P2 and 
between the pulse signals P3 and P4 respectively. When 
the motor is found to be running in the normal direc 
tion, signals S3 and S4 of the logic level “H” are output, 
and move pulse signals P5 and P6 representing respec 
tively that the X axis and the Y axis have moved one 
step are output respectively each time a given number 
of the pulse signals P1 (or P2) and the pulse signals P3 
(or P4) have entered. The signal S3 and the pulse signal 
P5 are fed to the control input terminal U/D and the 
clock input terminal CK, respectively of an up/down 
counter 48, and the signal S4 and the pulse signal P6 are 
also fed to the control input terminal U/ D and the clock 
input terminal CK of an up/down counter 49, respec 
tively. 
The output signals of the up/down counters 48 and 

-' 49 are fed to a CPU 43 via a bus line 42 as an X axis 
position data and a Y axis position data respectively. 
The CPU 43 calculates an offset data for each axis based 
on the X axis position data and the Y axis position data, 
and outputs this data to the servo ampli?ers 44 and 45 
through the bus line 42, a digital-analog converters 50 
and 51 and preampli?ers 52 and 53. 
The press 10 produces products such as disks by 

punching the material sheet 1. As shown in FIG. 1, the 
material sheet 1 has a circular mark M with a different 
re?ection factor from that of the material sheet 1 near 
each print part. The position of this mark M, i.e., the 

I, position of the mark M in the material sheet feed device 
‘120 shown in FIG. 2, when the material sheet is clamped 
by the clamper 23 is stored in a memory 54 in advance 
as an X coordinate and Y coordinate data of the mate 
rial sheet feed device 20 based on the data such as the 
pitch between the marks in the X axis direction and the 
Y axis direction, the mark number, row number, etc. 
These coordinate data do not indicate a precise center 
position of the mark due to setting error, print error, 
etc. of the material sheet 1. Accordingly, the position 
should be corrected as mentioned later. The center 
position of the camera 12 and the punching center W of 
the press are also stored with respect to the above X and 
Y coordinates. 

In operation, the CPU 43 roughly positions the mate 
rial sheet 1 based on the coordinate data. Referring to 
FIG. 4, the line image sensor of the camera 12 photo 
graphs a position X on the material sheet 1 with a line 
length V. Then, the CPU 43 causes the sensor control 
unit 40 and the X axis drive mechanism 44 to operate, 
and measures the center position C of the mark M. 
As shown in FIG. 5, the sensor interface 41 is com 

prised of a ?ip-?op 41a, bus buffers 41b, 41c and 41a’. 
The output terminal Q of the ?ip-?op 41a is connected 
to one input terminal of an AND circuit 400 in the 
sensor control unit 40, and the output terminals Q of 
counters 40b, 40c and 40d are connected to the input 
terminals A of the bus buffers 41b, 41c and 41d respec 
tively. 
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4 
The output signal S3 and the pulse signal P5 from the 

normal/reverse rotation discrimination circuit 46 are 
fed to respective input terminals of the AND circuit 
40c, and the output terminal of the AND circuit 40a is 
connected to the other input terminal of the AND cir 
cuit 40a. The output signal of the AND circuit 400 is fed 
to a scan control unit 120 of the camera 12 as a scan 
command signal S1, converted in turn to a signal S5 
through a delay waveform shaping circuit 40}: and is 
fed to a latch command input terminal L of a register 55 
and the CPU 43. When a signal S1 is fed, the scan con 
trol unit 12a feeds a scan pulse P7 to a line image sensor 
12b, and scans light receiving cells of the line image 
sensor 12b sequentially. Then the scan control unit 120 
discriminates whether the image signal S6 outputted 
from the line image sensor 12b as a result of the scan 
indicates a bright part or not, and outputs a bright part 
signal S212 when the signal S6 indicates a bright part and 
a dark part signal 520 when otherwise, respectively. In 
addition, the scan control unit 12a outputs a start signal 
and an end signal at the scan start and at the scan end 
respectively, and also outputs a clock signal P8 syn 
chronized with the scan of the line image sensor 12b. 
Furthermore, the scan control unit 12a outputs a signal 
S9 of the logic level “H” when the reflection factor of 
the mark M is smaller than that of material sheet 1. An 
optical system 12c for forming an image on the line 
image sensor 12b is comprised typically of a combina 
tion of lenses. 
The signal 82a is fed to the input A of a selector 40g 

and the input terminal B of a selector 40h, the signal S9 
is fed to the respective control input terminals S of the 
selectors 40g and 40h, the signal S7 is fed to the reset 
input terminals R of the counter 40b, 40c and 40d and a 
?ip-?op 401', the signal S8 is fed to the CPU 43 through 
an inverter 40]‘, and the clock signal P8 is fed to one 
input terminal of each of AND circuits 40k, 401, and 
40m. The output signal S10 of the selector 40g is fed to 
the set input terminal S of the flip-flop 401‘ and the other 
input terminal of the AND circuit 40k, and the output 
signal S11 of the selector 40h is fed to the. other input 
terminals of the AND circuit 401 and 40m respectively. 
The output signal S12 of the ?ip-?op 401' is fed to the 
third input terminal of the AND circuit 40m and also to 
the third input terminal of AND circuit 401 via an in 
verter 40n. 
Suppose that the reflection factor of the mark M is 

smaller than that of the material sheet 1 (in the case, for 
example, when the mark M is delustering black paint), 
and that the line image sensor 12b is scanning the line 
whose X coordinate is Xi including the mark M. In such 
case, the scan control unit 12a turns the logic level of 
the signal S9 to “L”, and as a result the selectors 40g and 
40h output signals fed to the respective input terminals 
B from their output terminals Y. 
The ?ip-?op 410 has already been set by the CPU 43, 

and therefore a signal S1 is output to the scan control 
unit 120 corresponding to a signal P5 to be output from 
the normal/ reverse rotation discrimination circuit 46 
when the positioning is being performed. 
As a result, the scan control unit 12a outputs a start 

pulse S7 as shown in FIG. 6(a), resets the ?ip-?op .401‘ 
and counters 40b, 40c, and 40d, then outputs a scan pulse 
P7 to the line image sensor 12b, scans the line from a 
point PA (FIG. 4), and outputs a clock signal P8 (FIG. 
6(b)) synchronized with the scan pulse P7. 
On the other hand, the line image sensor 12b outputs 

a signal S6 representing the bright part during the scan 
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ning between a point PA and a point PB and between a 
point PC and the scan end point, and the dark part 
during the scan between points PB and PC. Accord 
ingly, the scan control unit 120 outputs a signal S2a 
whose logic level becomes “H” corresponding to the 
scan between the points PB and PC, and a signal S2b 
whose logic level becomes “H” corresponding to the 
scan between the point PA and PB and between the 
point PC and the scan end point. 
That is, the output signals S10, S11, and S12 of the 

selectors 40g and 40h, and the flip-?op 401' become as 
shown in FIGS. 6(d), (e) and (f) respectively. As a re 
sult, clock signals to be output from the AND circuits 
40k, 401, and 40m become as shown in FIGS. 6(g), (h) 
and (1) respectively. 

Accordingly, count values of the counters 40b, 40c 
and 40d become those that indicate the distance lb from 
the point PB to the point PC (the length of the mark M 
at the coordinate Xi), the distance 1a from the point PA 
to the point PB (the distance from the scan start point to 
the top of the mark M at the coordinate Xi), and the 
distance 10 from the point PC to the scan end point (the 
distance between the bottom of the mark M and the 
scan end point at the coordinate X1), respectively. 
At the time when the gan of the line image sensor 

1212 has ?nished, a signal S8 resulted from the inversion 
of a signal S8 (refer to FIG. 6(c)) acts as a ?rst interrupt 
signal to the CPU 43. 
A signal S5 to be output by the delay wave form 

shaping circuit 40f is a signal which rises time 1' after the 
fall time of the signal S1 and maintains the logic level 
“H” for a given duration of time, and causes the count 
data (i.e., the X coordinate Xi at that time) of the up/ 
down counter 48 to be stored in the register 55. The 
signal S5 also acts as a second interrupt signal to the 
CPU 43, thereby the CPU 43, as shown in FIG. 7, in 
puts the storage data of the register 55 (step 60) and 
stores it in a memory 54 (step 61), and returns to the 
original processing. 
When the reflection factor of the mark M is higher 

. than that of the material, sheet 1, the logic level of the 
signal S9 is caused to be “H”. Subsequently, processing 
similar to the above is performed. 
Each time the ?rst interrupt signal S§ is fed, the CPU 

43 performs the control shown in FIG. 8, and detects 
the center position of the mark M. 
That is, ?rstly the content, i.e., the distance lb, of the 

counter 40b is fed (step 70), and this data is stored in a 
given area of the memory 54 (step 71). Since the mark 
M is not present in the area from the scan start position 
Xs to the coordinate Xa, the distance lb is zero. Accord 
.ingly, the result of judgment at step 72 to determine 
‘whether or not the value of the distance lb is zero be 
comes YES. Then, step 73 is executed, and the content 
of the counter 40b, i.e., the value of distance lb’, stored 
in the previous interruption is read out. Since the value 
of the distance lb’ is also zero, the result of judgment at 
step 74 to determine whether or not the value of dis 
tance lb’ is zero becomes NO. Then, the CPU returns to 
the processing of the main which had been being exe 
cuted before the interruption took place. 
At the coordinate Xa which corresponds to the left 

end of the mark M, since the distance lb is not zero, the 
result of the judgment at step 72 is NO. Further, since 
the distance _lb’ read out in step 75 which is of the same 
content as the step 73 is zero, the result of judgment at 
step 76 to determine whether the distance lb’ is zero or 
not is YES. Accordingly, the CPU 43 stores the data 
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6 
memorized at the step 61, i.e., the data stored in the 
register 55, in the memory 54 as the coordinate Xa (step 
77), resets variables Ns and AY by substituting zero for 
these variables (step 78), and then returns to the pro 
cessing of the main. 

In the area where the mark M is present, since the 
distances lb and lb’ are not zero, the result of the judg 
ment at step 72 is NO, and the result of the judgment at 
step 76 is NO. Accordingly, the contents of the counters 
40c and 40d, i.e., the data of distances la and lc, are input 
(step 79), the value of AY is updated, and the value of 
the variable Ns is inclemented by 1 according to the 
following equation (1). 

Then, the CPU 43 returns to the processing of the 
main. 

At the coordinate Xb which indicates the opposite 
end of the coordinate Xa of the mark M, since the value 
of the distance lb is zero and the value of the distance lb’ 
is not zero, the result of the judgment at step 72 is YES, 
and the result of the judgment at step 74 is also YES. 
Accordingly, the CPU 43 reads out the data stored in 
the register 55 at the step 61, stores the data in the mem 
ory 54 as the coordinate Xb (step 81), calculates offsets 
AXc and AYc of the center position of the mark M on 
the corrdinates X and Y based on the following equa 
tions (2) and (3), and memorizes AXc and AYc (step 82) 

(2) 

_ Al (3) 
AYc - Ns 

Then, the CPU 43 returns to the processing of the 
main. 
For the area between the coordinate Xb and the coor 

dinate Xe which'is the end point of the scanning de 
scription is omitted since the same processing as the 
area between the corrdinates Xs and Xa is performed. 

Based on AXc and AYc thus obtained, the CPU 43 
corrects the position of the mark M stored in the mem 
ory 54. By conducting positioning based on the cor 
rected position coordinates, the CPU 43 can set the 
print part of the material sheet to the punching center 
W of the press accurately. 

In addition, the CPU 43 performs the positioning 
control for the material sheet 1 synchronized with the 
operation of the press 10 based on a crank angle rotation 
data given from the press 10 through an input interface 
56 and the bus line 42. The CPU 43 also stops the press 
10 so that the crank positions at the top dead center, 
outputting a TDC stop command data to the press 10 
through the bus line 42 and an output interface 57. Mark 
positions and the program for operating the CPU 43 are 
stored in the memory 54 using a magnetic card reader 
91 or an operation panel 92. 
Now, the focusing of the camera 12 will be explained. 
Since the camera 12 performs thedetection of the 

center position of the positioning mark by the resolution 
of 25 um/bit, close-up picturing is ncessary. In this case, 
the depth of focus is as shallow as around i1 mm. 
Accordingly, focusing should be performed according 
to the thickness of the material sheet. 
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When the material sheet is changed, the data repre 
senting the thickness of the sheet is set at the operation 
panel 92 (FIG. 3), and the data is stored in the memory 
54. Then, the thickness data is read out by the command 
from the operation panel 92, and is fed to a Z-axis servo 
system comprised of a servo interface 94, a servo ampli 
?er 95, a motor 96 and a position detector 97. By the Z 
axis servo system, the camera 12 is moved and con 
trolled in the Z axis direction on a holder 11 (FIG. 2), 
and focuses on the surface of the material sheet. 
Now, the control for preventing punching error will 

be described. 
The punching errors are likely to arise when clamp 

ing of the material sheet is tilted and the print mark is 
not in normal position. For example, when the center 
position of the mark M on the material sheet 1 deviates 
in the Y axis direction by Ay as shown in FIG. 9, the 
print part 1a (FIG. 10) shifts from the position indicated 
by a broken circle to the position shown by a solid circle 
as shown in FIG. 10. Now, let the distance between the 
marks M at both ends be 1, the distance between the 
mark M and the center of the print part 1a be x, the 
punching error in the X axis direction by AX, and the 
punching error in the Y axis direction be AY, then from 
the relation between FIGS. 9 and 10, the following 
equation is established. 

The equation (4) can be rewritten as follows regard 
ing AX. 

M : AZTLL (4)‘ 

When 1: 1000 mm, x=25 mm, and Ay=1 mm, AX=25 
pm is obtained from the equation (4)’. That is, even if 

‘ the center position of the mark M is detected accu 
' ' 'rately, and 25 um punching error occurs in the X axis 

direction at a point spaced 25 mm from the center of the 
" mark M. 

" ‘ 1" FIG. 11 through FIG. 14 are flowcharts of the opera 
tion to be performed by the CPU 43 for solving the 
problem described above. Firstly, the center positions 
of the marks M of the first row are detected and memo 
rized (step 130). In this case, while moving the material 
sheet 1 in the X axis direction as shown in FIG. 15(a), 
the center position coordinates; 

(X1. Y1). (X2, Y2), - - - , (XN, YN) 

of the marks M, say, as many as N, of the ?rst row are 
detected by the aforementioned method employing the 
camera 12, and the center position coordinates of each 
detected mark M is memorized. Then, the distance 
between the adjoining marks M in the X axis direction 
(pitch of X); 

is calculated (step 131), and the maximum pitch XpMAX 
and the minimum pitch XPMJN are found from among 
the pitches of X (Xp1, . . . , Xp1v_ 1) (step 132). 
Then, the difference between the maximum pitch and 

the minimum pitch Dax (=XpMA X—XpM11v) is calcu 
lated (step 133). When Dax is larger than a predeter 
mined allowable limit a, the maximum pitch XpMAX and 
the minimum pitch XpMIN are excluded from the 
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8 
pitches of X (Xpl, . . . , XpN__1) (step 135), processing is 
returned to step 132 again, and the sequence is pro 
ceeded to the next judgment at step 136 when Dax is 
smaller than the allowable limit a (step 134). When the 
sequence is returned to step 135, the maximum pitch 
XpMAX and the minimum pitch XpMHv are excluded, 
and the maximum pitch XpMAX and the minimum pitch 
XpM11v are found from the remaining data. 

In judgment at step 136, when the number of remain 
ing datais larger than a predetermined value B, judg 
ment is made that the variation among the marks M in 
the X direction is small and the sequence is proceeded 
to step 137, and when smaller than B the sequence is 
proceeded to steps 138, 139, and 140 for skipping the 
punching of the whole row. At step 138, all center 
position data of the marks M stored at step 130 are 
cleared, at step 139 row numbers R of all of the cleared 
center position data, the sheet number C and the RJ 
code indicating that the whole row should be skipped 
are memorized, and at step 140 the next row is desig 
nated and the sequence is returned to the step 130. The 
row number R, the sheet number C, and the RJ code 
memorized at step 139 are used for the positioning later 
mentioned. 
At step 137, the mean value Xp of the remaining data 

is calculated by the following equation. 

sum of remaining data (5) 
number of remaining data 

Xp = 

At step 141, if there is any data that was excluded at step 
135, such data is returned to the original place to store 
all pitches (Xpl to Xp1v_1). 

Then, as shown in FIG. 12, the difference Dak 
(= |XpK-Xp I) between each pitch and the mean value 
Xp calculated at step 137 is calculated (step 142). When 
the difference Dak is larger than a predetermined allow 
able limit value ‘)I at Xpk, the numbers kand k+1 are 
memorized as punching skip number together with the 
row number Rand sheet number C at step 144. When 
the difference Dak is smaller than the allowable limit 
value 7, those data are not memorized (step 143). At 
steps 142 to 144, aforementioned processing and judg 
ment repeatedly are performed from k=l to N- 1. 

In the processings so far been described, when the 
variation among the distances (pitch) between the cen 
ters of the adjoining marks in the X axis direction is 
large in a certain row as a whole, such row is memo 
rized to skip the punching of that whole row. When the 
variation among the pitchs is not large in the row as a 
whole, variation of each pitch from the average pitch of 
the row is examined, and the mark number is memo 
rized so as to skip the punching of the mark associated 
with the pitch of a large variation. 

In the similar manner, the variation in the mark cen 
ter position in the Y axis direction is examined. 

Firstly, the maximum value YMAX and the minimum 
value YMHvare found from among Y coordinates (Y 1 to 
YN) of mark center positions (step 145). The difference 
DaY (= Y MA X— YMIN) between the maximum value and 
the minimum value is calculated (step 146). When the 
difference DaY is larger than a predetermined allow 
able limit value a, the maximum value YMAX and the 
minimum value YMINare excluded from among Y coor 
dinates (Y 1 to YN) of the mark center positions (step), 
and the sequence is returned to step 145 again. When 
the difference DaY is smaller than the allowable limit 
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value a, the sequence is proceeded to step 149 (step 
147). 

In judgment at step 149, when the number of the 
remaining data is larger than a predetermined value B, 
the variation of the mark M in the Y direction is judged 
small, and the sequence is proceeded to the next step 
150. When the number of the remaining data is smaller 
than the value B, the variation of the mark M in the Y 
axis direction is judged large, and the sequence is pro 
ceeded to steps 138, 139, and 140 to skip punching of the 
whole row. 
At step 150, the mean value Y of the remaining data 

is calculated by the following equation. 

sum of remaining data (6) 
number of remaining data 

At step 151, if there is any data excluded at step 148, the 
data is restored and stored at Y coordinate (Y1 to YN). 
TIEn, as shown in FIG. 13, the difference Dbk 

(= I Y/,-— Y|) between each Y coordinate and the mean 
value Y is claculated (step 152). When the difference 
Dbk is larger than a predetermined allowable limit 
value 7, k number indicating the mark of the Y coordi 
nate, row number R to which k number belongs, and 
plate number C are memorized at step 154. When the 
difference Dbk is smaller than the allowable limit value 
7, those data are not memorized (step 153). At steps 152 
and 153, the above-mentioned processing and judgment 
are repeatedly performed from k=l to N—- 1. 
By the processings described above, it is designed 

that when the variation of Y coordinate of the detection 
mark center position is large in a certain row, such row 
is memorized so as to skip the punching of the whole 
row, while when the variation of Y coordinate is not 
large, the variation of each Y coordinate from the aver 
age value of that row is examined, and the mark num 
bers which largely deviate from the average value are 
memorized so as to skip the punching of these marks. 
Then, the inclination of the mark and print printed on 

' the material sheet with respect to the press is examined. 
Referring to FIG. 16, Y coordinates of the marks in a 

row from the second to the Nth are represented as y], 
y; . . . , y,,_1. Then the sum S of these is expressed as 

follows: 

If these marks are all on a straight line at an angle 6, the 
following equation is established. 

yz = Xp tanO 

where Xp is the pitch in the X axis direction. 
Summing the left sides and the right sides of equation 

(8), 
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The angle \9 can be found from equations (7) and (9) as 
follows. 

2s (10) 

) 
Although the sum S contains error due to variation of 
each mark, the variation of each mark in the value of 
angle 0 obtained by Equation (10') is averaged. When 
the angle 0 is larger than a predetermined allowable 
limit value 8, the inclination will be taken as large. 
The above description will be explained according to 

the ?owchart given in FIG. 13. Firstly, at step 155, the 
sum S is calculated as follows: 

Therefore, 0 = tan"‘{ 

S: 

where yk=Yk+1—Y 1. Then, at step 156, the angle is 
calculated. Here, for Xp in Equation (10’), the average 
pitch 32p calculated at step 137 is used. 
When the angle 0 thus obtained is larger than the 

predetermined allowable limit value 5, the inclination of 
the mark M with respect to the press (print inclination) 
is judged large, and the sequence is proceeded to steps 
138, and 139, and 140 so as to skip the punching of the 
whole row. When the angle 6 is smaller than the allow 
able limit value 6, the print inclination with respect to 
the press is judged small, and the operation is proceeded 

I to the actual punching operation (step 157). 

40 

45 

55 

65 

At step 158, positioning is started from the mark 
number N (refer to FIG. 15(b)). In this case, marks 
having the punch skip mark numbers memorized at 
steps 144 and 154 are not positioned, and the next mark 
is positioned. Then, whether or not the positioning is 
completed is judged (step 159). After the completion of 
positioning, a punching signal is output to the press 
(step 160). Then, the punching by the press is performed 
(step 161). At steps 158 to 161, the punching of the 
marks from k=N to k=l is repeatedly performed. 
When the punching operation of one row is com 

pleted in this fashion, judgement is made on whether or 
not the row number being currently punched is the last 
one or not at step 162. When the currently punched row 
is not the last one, the punching operation is shifted to 
the next row (step 163), and the sequence'returns to the 
?rst sequence (refer to FIG. 15(c) and (d)). In FIGS. 
15(c) and (d), the mark M] which has been memorized 
as punching skip symbol indicates that the punching is 
not performed. 
When the current row number is for the last row, the 

punching of the material sheet is completed, cut out 
refuse is disposed (step 163), a command to deliver‘ a 
new material sheet to a destacker (not shown) is output 
(step 164), the sheet number is designated the row num 
her is reset to 1 (step 165), and the operation returns to 
the ?rst sequence. - > 

In this manner, incomplete products due to punching 
error can be prevented. 










